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Abstract  
Integrated Gasification Combined Cycle (IGCC) is an Advanced Clean Coal Technology and can be used as an option for future 
TNB coal-fired power plant. The implementation of this technology is expected to reduce Green House Gas emissions (eg. CO2), 
which caused global warming. However, there are several problems in IGCC system, including low carbon conversion and low 
efficiency in gasifier. Previous studies had shown that higher carbon conversion and efficiency only can be achieved at higher 
temperature of 900-1000oC. In this study, we had increased the carbon conversion and gasifier efficiency for Adaro coal 
gasification process using catalyst as in-bed material at lower operating temperature of 700-800oC. Dolomite and nickel with 
high catalytic activity are selected as catalysts. These catalysts will enhance tar cracking and production of syngas. Furthermore, 
dolomite is also cheap and abundantly available in Malaysia. Coal catalytic gasification tests were conducted using TNBR Pilot 
Scale Gasification Plant (PSGP). Adaro coal (100%), Adaro coal:dolomite (80:20) and Adaro coal:dolomite:nickel (90:9:1) 
mixtures were gasified using PSGP. The results showed that the presence of dolomite had increased Carbon Conversion (CC) and 
Gasification Efficiency (GE) about 3.1% and 30.7% respectively, compared to Adaro coal gasification. While, the presence of 
dolomite and nickel for Adaro coal:dolomite:nickel (90:9:1) gasification, had increased CC and GE about 9.5% and 16.4% 
compared to Adaro coal gasification. Lower increasing of the GE with the presence of nickel is expected due to the deactivation 
(poison) effect of H2S towards nickel during the gasification process. 
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1. Introduction 
Typical IGCC system is divided into Gasifier Block, Syngas Cleaning System and Power Block (Fig. 1). There 
are several problems in IGCC system, such as (i) low carbon conversion, low efficiency and ash slagging problem in 
gasifier; (ii) impurities of the syngas, due to the presence of hydrogen sulphide (H2S), acid gas and particulates; and 
(iii) High gas turbine temperature due to the presence of high hydrogen (H2) content in syngas. 
 
 
             Fig.1. Integrated Gasification Combined Cycle (IGCC) System. 
 
Previous studies [1]-[3] had shown that higher carbon conversion and efficiency only can be achieved at higher 
temperature of 900-1000oC. In this study, carbon conversion and gasifier efficiency are expected to increase when 
using catalyst as in-bed material at lower operating temperature of 700-800oC.  
2. Methods  
Adaro coal from sub-bitumious rank was gasified with and without the presence of dolomite and nickel as 
catalysts using Pilot Scale Gasification Plant (PSGP) (Fig. 2). Typical characteristics of Adaro coal is shown in 
Tables 1 and 2. Calorific value, ultimate analysis and proximate analysis were conducted at Fuel Testing 
Laboratory, TNB Research Sdn Bhd. 
 
             Table 1. Calorific Value and Ultimate Analysis of Adaro Coal. 
                                         Ultimate Analysis 
Gross Calorific Value Carbon Hydrogen Nitrogen Sulfur Oxygen 
(MJ/kg) % % % % % 
21.0 73.5 5.0 0.9 0.1 20.4 
 
 
            Table 2. Proximate Analysis of Adaro Coal. 
Total Moisture Ash Volatile Matter Fixed Carbon 
%, arb %, arb %, arb %, adb 
26.6 1.9 37.1 34.4 
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                Fig. 2. Schematic Drawing of Pilot Scale Gasification Plant. 
 
Dolomite was collected from Britestone Quarry Sdn Bhd,Ipoh, Perak. Table 3 shows that it has high calcium, Ca 
and magnesium, Mg, which contribute to the catalytic effect. Nickel powder was purchased from Aldrich (M) Sdn 
Bhd. 
      Table 3. Compositions of dolomite powder 
Analysed Constituent Content (%) 
CaO 35.5 
CaCO3 63.3 
MgO 17.4 
MgCO3 36.4 
       Source: Jabatan Mineral and Geosains Malaysia,  
                                                          Ipoh, Perak (2013) 
 
Adaro coal gasification tests were conducted with the presence of dolomite and nickel as catalysts. Mixtures of 
Adaro coal and dolomite; and Adaro coal, dolomite and nickel were prepared as shown in Table 4. 
 
       Table 4. Adaro:dolomite:nickel mixture ratios 
Mixtures Coal (%) Dolomite (%) Nickel (%) 
Adaro coal 100 0 0 
Adaro coal:dolomite (80:20) 80 20 0 
Adaro coal:dolomite:nickel (90:9:1) 90 9 1 
 
Main compositions of syngas consist of hydrogen (H2), ethane (C2H6), acetylene (C2H2), methane (CH4) and 
carbon monoxide (CO) were determined using on-line Gas Chromatography (GC). 
Low Heating Value, LHV of syngas was calculated based on Equation (1). CC and GE were calculated using 
Equation (2) and (3) as below: 
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                LHV = (30*CO + 25.7*H2 + 85.4*CH4 + 151.3*C2Hx)*0.0042    (1) 
 
Carbon Conversion (CC),  
            (2) 
 
Gasification Efficiency (GE), 
            (3) 
 
 
Where KC is Carbon Conversion; GK is Gasification Efficiency; gM
.
and cM
.
are syngas generation rate and 
coal consumption rate (m3/sec);  gLHV and cLHV are Low Heating Value (kJ/m3) of syngas and coal (Basu, 2006) 
[4]. 
3. Results and Discussion 
Gasification of coal involves complicated reactions which cannot be explained by a single mechanism. Even in 
the absence of catalyst, many factors affect the rate profile [5]. For example, higher gasifier operating temperature 
than 900oC and the used catalyst can contribute to the increasing of catalytic activity.  
3.1. Gasification Tests using Pilot Scale Gasification Plant 
Adaro coal was gasified with and without the presence of dolomite and nickel as catalysts. Syngas compositions 
such as H2, O2, N2, CH4, CO, CO2, C2H2, C2H4 and C2H6. were analysed using on-line Gas Chromatography (GC) 
7890A. GC was equipped with thermal conductivity detector (TCD) and a packed column (Porapak Q, 80-100 
mesh). 
From GC analysis, it was found that hydrogen (H2), ethylene (C2H4), ethane (C2H6) and acetylene (C2H2) 
contents for Adaro coal:dolomite (80:20) mixture showed not much difference from Adaro coal gasification without 
catalyst. However, methane (CH4) was increased tremendously to 69.9% with the addition of dolomite as catalyst. 
While, carbon monoxide (CO) content dropped to 1.7% with the addition of dolomite (Table 5). This is most 
probably due to the favorable of water gas shift reaction and methanation reaction with the addition of dolomite. 
Syngas composition, mainly methane, CH4 and ethylene, C2H4 were increased with the addition of nickel catalyst 
as for Adaro coal:dolomite:nickel (90:9:1) mixture. Dolomite and nickel had enhanced the tar cracking process to 
produce more hydrocarbons (Fig. 3a-c). Ethane, C2H6 peak (at 6.713 min) appeared as nickel was introduced, as 
shown in GC spectrum (Fig. 3c). However, H2 and CO were decreased with the addition of dolomite and nickel as 
catalysts for Adaro coal:dolomite:nickel (90:9:1) mixture compared to Adaro coal gasification without catalysts 
(Table 5). 
 
    Table 5. Syngas compositions and performance data for Adaro coal with and without the presence of catalysts (dolomite and nickel). 
 
 
Adaro coal:dolomite (80:20) mixture showed the highest Low Heating Value (LHV) compared to Adaro coal and 
Adaro coal:dolomite:nickel (90:9:1) mixture (Table 5). This is mainly due to the highest CH4 (69.9%) with the 
addition of dolomite. The addition of nickel had increased CO contents for Adaro coal:dolomite:nickel (90:9:1) 
mixture sample compared to Adaro coal:dolomite (80:20) mixture sample. Heating Value for CH4 is higher than H2 
Sample Name Mix Ratio H2
 
(mol.%)
 
C2H4
 
(mol.%)
 
C2H6
 
(mol.%)
 
C2H2
 
(mol.%)
 
CH4
 
(mol.%)
 
CO 
(mol.%) 
LHV 
(MJ/Nm
3
) 
CC 
(%) 
GE 
(%) 
Adaro 100:0:0 29.0 1.5 0 3.2 8.5 57.8 16.4 86.9 39.1 
Adaro:Do 80:20:0 26.5 1.6 0 0.3 69.9 1.7 29.3 90.0 69.8 
Adaro:Do:Ni 90:9:1 21.2 9.9 0.9 1.4 21.1 45.4 23.3 96.4 55.5 
(kg) system in the fedcarbon  total
(kg) system in thecarbon   reacted total
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and CO, which contributed to higher LHV and GE from the gasification of Adaro coal:dolomite (80:20) mixture 
sample. While, carbon monoxide (CO) content dropped to 1.7% with the addition of dolomite (Table 5). This is 
most probably due to the favorable of water gas shift reaction and methanation reaction with the addition of 
dolomite, which produced CO2 and CH4, as shown in Table 6. 
Carbon conversion (CC) for Adaro coal: dolomite:nickel (90:9:1) was the highest followed with Adaro 
coal:dolomite (80:20) and Adaro coal without catalysts. It shows that with the addition dolomite, CC had increased 
about 3.1% compared to Adaro coal gasification without catalyst. While, with the addition of dolomite and nickel, 
CC had increased about 9.5% compared to Adaro coal gasification without catalysts (Table 5). 
 
    Table 6. Gasification reaction equations. 
Name Reaction 'H (kJ/mol) 
Char gasification C + H2O  H2 + CO -131.38 
Methanation C + 2H2  CH4    74.90 
Boudouard CO2 + C  2CO -172.58 
Methane reforming CH4 + H2O  CO +3H2   206 
Water gas shift CO + H2O  CO2 + H2    -41 
Carbonation CO2 + CaO  CaCO3 -170.5 
 
Gasification efficiency (GE) for Adaro coal: dolomite (80:20) mixture is the highest followed with Adaro 
coal:dolomite:nickel (90:9:1) mixture and Adaro coal without catalyst. GE had increased about 30.7% with the 
addition of 20% dolomite compared to Adaro coal gasification without dolomite as catalyst. CH4 content (69.9%) is 
the highest for Adaro coal:dolomite (80:20) mixture compared to the other two samples. It is in agreement with Wen 
et al. [6] finding where methane, CH4 formed in the gasifier is the affecting factor for the GE.  
The addition of dolomite and nickel as catalysts had increased the GE about 16.4% for Adaro 
coal:dolomite:nickel (90:9:1) compared to Adaro coal gasification without dolomite as catalyst. Lower increasing of 
the GE with the presence of nickel is expected due to the deactivation (poison) effect of H2S towards nickel during 
the gasification process. According to Abu El-Rub and co-workers [1], poisoning is caused by the strong 
chemisorption onto the catalyst active sites impurities (mainly H2S) in the feed. Hepola et al. [7] reported that, at 
900oC, the activity of the Ni catalysts recovered rapidly when H2S was removed from the gas. Forzatti et al. [8] 
reported that S adsorption decreases with increasing temperature. However, the highest operating temperature for 
this study was only about 800oC.  
From the shown result, it is believed that dolomite and nickel mixture contents should be increased to 20% for 
appropriate comparison with Adaro coal:dolomite (80:20) mixture. Although, this is our first attempt to study the 
effect of dolomite and nickel as catalysts, 1% of nickel had given high impact to the gasifier bed temperature, when 
it had increased from 600 to 800oC just within 30 minutes (Fig. 4). 
4. Conclusions 
Gasification efficiency and carbon conversion of Adaro coal gasification had increased with the presence of 
dolomite and nickel as gasifier bed catalysts. Methane contents and gasification efficiency had increased with the 
presence of dolomite. While, the presence of nickel had increased the carbon conversion, where more hydrocarbons 
such as ethane (C2H6) and ethylene (C2H4) were released. 
Higher gasification efficiency and carbon conversion for Adaro coal gasification process can be achieved at 
gasifier operating temperature of 800oC with the presence of dolomite and nickel as catalysts. 
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                                                  Fig. 4. Temperature profile during gasification test with the addition of Adaro 
                                                             coal:dolomite:nickel (90:9:1) mixture. 
 
Acknowledgements 
This research was supported by Seeding Fund from TNB Research Sdn Bhd. 
 
References 
[1] Z. Abu El-Rub, E.A. Bramer, G. Brem,  Review of catalysts for tar elimination in biomass gasification processes, Ind. Eng. Chem. Res. 
43(2004)  6911-6919. 
[2] J.M. De Andres, A. Narros, M.E. Rodriguez, Behaviour of dolomite, olivine and alumina as primary catalysts in air steam gasification of 
sewage sludge, Fuel.  90 (2011) 521-527. 
[3] H. Karatas, H. Olgun, F. Akgun, Coal and coal and calcined dolomite gasification experiments in a bubbling fluidized bed gasifier under air 
atmosphere,  Fuel Processing Technology. 106 (2013) 666-672. 
[4] P. Basu, Combustion and Gasification in Fluidized Beds, CRC Press, New York, 2006. 
[5] A. Tomita, Y. Watanabe, T. Takarada, Y. Ohtsuka, Y. Tamai, Nickel-catalysed gasification of brown coal in a fluidized bed reactor at 
atmospheric pressure, Fuel. 64(1985) 795-800. 
[6] C.Y. Wen, P.R. Desai, C.Y. Lin, Factors affecting the thermal efficiency of a gasification process, (web. anl. Gov /PCS /acsfuel/…/Files 
/20_4_CHICAGO_08_75_0219.pdf (8/11/2013). 
[7] J. Hepola, P. Simell, Sulphur poisoning of nickel-based hot gas cleaning catalysts in synthetic gasification gas. II. Chemisorption of 
hydrogen sulphide, Appl. Catal. B: Environ. 14 (1997) 305-321. 
[8] P. Forzatti, L. Lietti, Catalyst deactivation, Catal. Today. 52(1999) 165-181. 
 
